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Note to the Reader:

The attached draft report is a draft report of the Science Advisory Board (SAB).
The draft is still undergoing final internal SAB review, however, in its present form, it
represents the consensus position of the panel involved in the review. Once approved as
final, the report will be transmitted to the EPA Administrator and will become available to
the interested public as a final report.

This draft has been released for general information to members of the interested
public and to EPA staff. This is consistent with the SAB policy of releasing draft materials
only when the Committee involved is comfortable that the document is sufficiently complete
to provide useful information to the reader. The reader should remember that this is an
unapproved working draft and that the document should not be used to represent official
EPA or SAB views or advice. Draft documents at this stage of the process often undergo
significant revisions before the final version is approved and published.

The SAB is not soliciting comments on the advice contained herein. However, as a
courtesy to the EPA Program Office which is the subject of the SAB review, we have
asked them to respond to the issues listed below. Consistent with SAB policy on this
matter, the SAB is not obligated to address any responses which it receives.

1. Has the Committee adequately responded to the questions posed in the
Charge?

2. Are any statements or responses made in the draft unclear?

3. Are there any technical errors?

For further information or to respond to the questions above, please contact:

Sam Rondberg, Designated Federal Officer

Science Advisory Board (1400A)
US Environmental Protection Agency

1200 Pennsylvania Avenue, NW
Washington, DC 20460

(301) 812-2560 Fax: (410) 286-2689
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March 13, 2001 Dr aft
EPA-SAB-ADV-01-0X X

The Honorable Chrigtine Todd Whitman
Adminigtrator

U.S. Environmentd Protection Agency
1200 Pennsylvania Avenue, NW

Arid Rios Building, Mail Code 1100
Washington, DC 20460

Re  Radiation in Sewage Sudge: Interagency Steering Committee on Radiation Standards
(ISCORS) Dose Modeling Report -- An SAB Report

Dear Governor Whitman:

The enclosed report was developed by the Radionuclides in Sewage Sludge Subcommittee
(RSSS) of the Radiation Advisory Committee (RAC) of the Science Advisory Board (SAB) in
response to a request from the Office of Radiation and Indoor Air (ORIA) to review technical aspects
of the Radionuclidesin Sawage Sudge: Dose Assessment, Dose Modeling Report that was
developed by the Interagency Steering Committee on Radiation Standards (ISCORS) Sewage Sludge
Subcommittee (SSS).

The RSSS hdld a public meeting in Washington, DC on December 12, 13, and 14, 2000, at
which it was briefed by, and had technicd discussions with, the members of the ISCORS SSS, Dose
Modding Workgroup and received comments from members of the public. Additiona writing/editing

sessons were held by teleconference,

The enclosed report is organized around three primary Charge questions, and, in addition,

provides some further advice to the Agency concerning severa issues beyond the Charge.

The first ement of the Charge asked if the overdl dose modeing methodology, including
model sdlection, is adequate. The RSSS accepts the ISCORS SSS decision to address radiation
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exposure from sewage dudge and ash with RESRAD (this model, as with many othersreferred to in
this report, is denoted by an assigned name rather than an abbreviation or acronym), amodd that is
readily available, widely used, and employs a probabilistic approach for quantifying both dose,and the
uncertainty associated with the dose modeling results. The RSSS adso supports strongly the use of
other radiation dose models (e.g., PRESTO, GENII, and MICROSHIELD) to benchmark RESRAD
asitis used for sewage dudge dose modding. We aso encourages the ISCORS SSSto verify and
document the capability of the RESRAD family of codesto employ probabiligtic input parameter vaues

for the various exposure scenarios.

The RSSS d o accepts the ISCORS SSS proposal to characterize the impact of radionuclides
in sawage dudge in terms of “totd effective dose equivdent” (TEDE) rather than attempting to go
directly from radionuclide intake and direct radiation exposure to “risk.” In this particular application,
TEDE is appropriate for use in comparing the modeling results with existing standards and background
vaues. The dose cdculations were based on dose converson factors given in Federad Guidance
Report 11 (FGR-11) that were derived using the 1977 Internationd Commission on Radiologica
Protection (ICRP) approach. Revised ICRP dose coefficients for members of the public that
incorporate age differences have since been published and the RAC recommends that ICRP 72 (ICRP
1996) be used or that the influence of age on dose, especialy as received by infants and children, be

considered in the assessment.

The second Charge question asked if the dose modeling scenarios were reasonable, if they are
they sufficiently representative of the mgor exposure Stuations, and if the document adequately explains
them. The RSSS commends the ISCORS SSS for its identification and description of arange of
plausible radiation exposure scenarios affecting both workers and members of the genera public.
Although each of these scenarios is reasonable, potentially critca exposure pathways have not been
fully examined. Ongte and landfill exposure scenarios falled to completely account for important Ste-
specific heterogeneities such as fracture flow that could result in rapid and long-range trangport of
radionuclides. The RSSS recommends that the SSS congder the possibility of both soluble and
colloidd trangport of radionuclides associated with runoff from fields receiving sewage dudge
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goplications. The SSS should evauate the impact of the POTW dudge dewatering operations on the
trangport and bioavailability of radionuclidesin land-gpplied sewage dudge. Although the RAC
recognizes that the SSS dose modeling effort was restricted to sewage dudge per se, thefind
document should aso discuss the potentidly important contributions to dose of liquid effluents, either

from discharge to waters used for drinking water or from use for irrigation.

The RSSS urges the ISCORS SSSto explicitly incorporate the 40 CFR Part 503 guidelines
(and other applicable requirements) that limit the design and operation of sewage dudge land
application, incineration, and surface disposal Stes into the exposure scenarios. The RAC dso
encourages the SSSto incorporate existing and vaidated methodologies for determining reasonable
parameter vaues and recommends full characterization of the dudge and ash to include analysis for dl

radionuclides of concern.

The last Charge question addressed the the approaches to obtaining modding parameters and
digtributions, asking if they were scientificaly defensble, and if the methodology’ s approach for
characterizing uncertainty was gppropriate. The RSSS found that the description of the sengtivity and
uncertainty analyssin the current draft is inadequate for judging whether or not it is appropriate. The
SSS should provide better documentation for the selection of parameters and their distributions.

The RSSS identified severa additiond issues caling for comment. The Subcommittee noted
that the SSS considered only the radiation exposure from sewage dudge, raising the possibility of
underestimating the doses received by persons coming into contact with both the dudge and associated
effluent. The radionuclides contained in the liquid effluent from the POTW may contribute to the tota
dose experienced by people living near or working at POTWs. Additionaly, liquid effluent can be used
for irrigation of Sites to which dudge has been gpplied, resulting in concentrations of radionuclidesin
soils higher than the assumed vaues in the source term for RESRAD. At aminimum, these issues

should be discussed in the final dose assessment document.
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Also, the RSSS understands the EPA is consdering revison of FGR-11 to reflect ICRP
Publication 72 values. If the revised FGR-11 becomes available in time for incorporation into this
Sewage Sludge Dose Modeling report, it would be desirable to do so, both because of the improved
dosimetry models used and the added ability to consider intakes by subjects of different ages.

The RSSS appreciates the opportunity to provide this report to you and to the ISCORS SSS
and we hopethat it will be helpful. We look forward to the response of the Assstant Administrator for

Air and Radiation to the our comments and recommendations.

Sincerdly,

Dr. William Glaze, Chair
Science Advisory Board

Dr. Janet Johnson, Chair
Radiation Advisory Committee
Science Advisory Board

Dr. Jll Lipoti, Chair

Radionuclides in Sewage Sudge Subcommittee
Radiation Advisory Committee

Science Advisory Board
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NOTICE

This advisory has been written as part of the activities of the Science Advisory Board (SAB), a
public advisory group providing extramurad scientific information and advice to the Adminigtrator and
other officids of the Environmentd Protection Agency (EPA). The Board is structured to provide
bal anced, expert assessment of scientific matters related to problems facing the Agency. This report
has not been reviewed for gpprova by the Agency and, hence, the contents of this report do not
necessaxily represent the views and policies of the EPA nor of other agenciesin the Executive Branch
of the Federd Government. In addition, the mention of trade names or commercia products does not
condtitute a recommendation for use.

Distribution and Availability: This Science Advisory Board report is provided to the EPA
Adminigrator, senior Agency management, gppropriate program staff, interested members of the
public, and is posted on the SAB website (www.epagov/sab). Information on its availability isaso
provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board). Additiona
copies and further informetion are available from the SAB Staff.
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ABSTRACT

On December 12-14, 2000, the Radionuclidesin Sewage Sludge Subcommittee (RSSS) of the
Radiation Advisory Committee (RAC) reviewed the dose modeling report of the Interagency Steering
Committee on Radiation Standards, Sewage Sudge Subcommittee (ISSS). Thisincluded advice on
dose modeling methodology, model selection, scenarios, approaches to obtaining modeling parameters
and distributions, and gpproaches for uncertainty.

The RSSS accepted the I SSS' s decision to use the model RESRAD, but supported the use of
other radiation dose models for bench marking RESRAD’ s application to sewage dudge dose
modeding. The RSSS aso accepted ISSS s use of radiation dose quantities, rather than risk, to express
the impact of radionuclides in sewage dudge. The RSSS recommended that the revised dose
coefficients published in ICRP 72 be used if feasble or, & a minimum, the possible effects of age on
dose be considered. While commending the ISSS for identifying arange of plausible radiaion
exposure scenarios, the RSSS identified severa exposure pathways that were not considered and
recommended that regulatory requirements concerning dudge disposition be integrated into the
modeling effort to prevent use of unrealistic scenarios or parameters. The RSSS recommended that the
selection of parameters and their ditributions, as well as the sengitivity and uncertainty andyses, be
better described and that atwo-dimensiona uncertainty andys's, addressing both variability and
uncertainty, be considered. The RSSS made recommendations beyond the charge to consider
exposure to liquid effluent from POTWSs, and to use S units. The RSSS made agenerd
recommendation to update FGR-11 to reflect valuesin ICRP Publication 72.

KEY WORDS: sawage dudge, ash, dose modding, RESRAD, dose coefficients, effects of age on
dose, radiation exposure scenarios for the POTW worker, radiation exposure scenarios for the generd
public, critical exposure pathways, land gpplication of sewage dudge, land reclamation with sawage
dudge, bicavalahility of radionuclides in sewage dudge, solubility of radionuclidesin sewage dudge,
model vaidation
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1. EXECUTIVE SUMMARY

The Office of Radiation and Indoor Air (ORIA), in cooperation with other Federd agencies
comprising the Sewage Sludge Subcommittee (SSS) of the Interagency Steering Committee on
Radiation Standards (ISCORYS), is developing guidance to inform Publicly Owned Treatment Works
(POTW) authorities of the possihility for radioactive materias to concentrate in sewage dudge and
incinerator ash. A second purpose is to help the POTW authorities determine what actions may be
consdered depending on the concentration of radioactive materials present in their sewage dudge or
ash. Aspart of the effort by the SSS, areport on dose modding for radionuclides in sewage dudge
and ash was prepared. The Radiation Advisory Committee (RAC) was asked to review the dose
modeling report and formed the Radionuclides in Sewage Sudge Subcommittee (RSSS) to undertake
this task.

The following report is organized around three primary Charge questions (see section 2.2 for
the detailed Charge), and, in addition, provides some further advice to the Agency concerning severa
issues beyond the Charge.

The first ement of the Charge asked if the overdl dose modeing methodology, including
model selection, is adequate. The RSSS accepts the ISCORS SSS decision to address radiation
exposure from sewage dudge and ash with RESRAD, amodd that isreadily available, widdy used,
and according to information supplied to the Subcommittee, has been modified to dlow the use of a
probabilistic approach for quantifying dose, as well as the uncertainty associated with the dose
modeling results. However, to achieve greater transparency, the RSSS recommends that a discussion
of the conceptua framework for the model be presented in terms of the possible applications
envisoned by ISCORS for the dose modeling effort.

The RSSS strongly supports the use of other radiation dose modds (e.g., PRESTO, GENI|,
and MICROSHIELD) for bench marking RESRAD. Any validation of the RESRAD modd for which
gopropriate data are available, specific to its use in sawage dudge dose assessment, would enhance the

credibility of the predicted values. The RSSS a so encourages the ISCORS SSSto verify and
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document the capability of the RESRAD family of codesto employ probabilistic input parameter vaues

for the various exposure scenarios. Findly, the RSSS recommends that the ISCORS SSS explore
options for including modd modifications to the RESRAD family of codes that will be necessary to
faithfully capture some important Ste-specific characterigtics.

The RSSS accepts the ISCORS SSS proposal to characterize the impact of radionuclidesin
sewage dudgeinterms of “dose” In this particular gpplication, “dose” is gppropriate for usein
comparing the results with existing standards and background values. However, the ISCORS SSSis
cautioned about the use of the “dose’ terminology and a glossary of gppropriate dosetermsis
provided.

The RSSS was informed by members of the ISCORS SSSthat “dose’ asused in its dose
assessment document means “ Tota Effective Dose Equivalent.” The dose ca culations were based on
dose converson factors given in Federd Guidance Report (FGR) 11. The vduesin FGR-11 were
based in the ICRP approach defined for adult workersin ICRP Publications 26 (ICRP 1976) and 30
(ICRP 1977-1988). Revised ICRP dose coefficients for members of the public for ingestion and
inhalation have been published and the RSSS recommends that ICRP Publication 72 (ICRP 1996) and
the associated CD-ROM published in ICRP 1998 be used. Even if the ICRP Publication 72
gpproaches cannot be used in thisreport, it isimportant that the possible effects of age on dose,
especidly as received by infants and children, be considered in the assessment.

The ISCORS SSS should clarify the specific circumstances for which the totd effective dose
equivaent vaues are being caculated. The impact of possible changes in exposure conditions from
year to year should be included in the uncertainty analyses.

The ISCORS SSS has estimated the source term for many of the scenarios by assuming that
100 years of dudge gpplication is mixed with the surface layer of soil. That procedure will overestimate
the actua concentration because of losses during the period of application. The losses would occur not
only from radioactive decay, but from eroson by wind and precipitetion, by leaching to the
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groundwater, and by uptake and remova with crops. A better approach is to apply an effective haf-

life derived for the removal processes using radioactive decay congtants, the universal soil-loss
equation, and loss rates congstent with the assumptions about movement to groundwater and uptake in

plants.

The second Charge question asked if the dose modeling scenarios were reasonable, if they are
they sufficiently representative of the mgor exposure situations, and if the document adequately explains
them? The ISCORS SSSis commended for its identification and description of arange of plausble
radiation exposure scenarios affecting both the POTW workers aswell as the generd public. The
exposure scenarios included a) nearby towns, b) onsite residents, ¢) landfill neighbors, d) incineration
neighbors, €) recreationd areause, f) agricultura application workers, g) low-exposure POTW
workers (belt filter press operators) and h) high- exposure POTW workers (bagging of dewatered
dudge).

Although each of these scenarios is reasonable, the ISCORS SSS has not fully examined
potentidly critical exposure pathwaysin some cases. Onsite and landfill exposure scenariosfailed to
completdly account for important Site-specific heterogeneities such as fracture flow that could result in
rgpid and long-range trangport of radionuclides. The scenario descriptions do not mention the
possibility of both soluble and colloidd trangport of radionuclides associated with runoff from fields
receiving sewage dudge applications. Additionaly, as stated in Section 3.4, (Issues Beyond the
Charge), the discharge of agueous effluent from the POTW is not congdered. A critical omisson inthe
ISCORS SSS dose modeling report is an evauation of the impact of the POTW dudge dewatering
operations on the trangport and bioavailability of radionuclides in land -applied sewage dudge.

In generd, the dose modding report adequately captures the mgjor exposure Stuations
affecting the generd public. The RSSS endorses the ISCORS SSS devel opment and implementation
of atrangparent screening process that permits the relative ranking of exposure scenarios, which is
critical for determining for which scenarios further refinement isjudtified. The RSSS encourages the
development of asmilar trangparent screening tool for objectively identifying POTW worker Situations
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which represent major sources of radiation exposures. The RSSS recommends that the ISCORS SSS

explore methods for obtaining appropriate data to better characterize the distribution of exposure
durations for typica land gpplication operations and to critically evauate and appropriately document

its assumptions.

Although the radiation exposure scenarios described in the dose modeling report are
appropriate for capturing the range of likely opportunities for radiation exposure from sewage dudge, it
isnot clear that the scenarios incorporated the specific regulatory requirements that currently limit how
dudge may be used or disposed. The RSSS encourages the ISCORS SSS to explicitly incorporate the
40 CFR Part 503 guiddines (and other gpplicable requirements) that limit the design and operation of
sewage dudge land gpplication, incineration, and surface disposa Stes. The RSSS dso encourages the
ISCORS SSS to incorporate existing and vaidated methodologies for defining reasonable parameter

vaues.

In many land reclamation projects, the quantity of land-applied dudge is considerably greater
than what is alowable under the agricultura production scenario. Under these circumstances, the
extent of soil mixing is generdly minimd, particularly a those land reclamation stes which contain little
or no topsoil. The RSSS recommends that the ISCORS SSS provide scientific justification for

assigning specific dilution factors to the source terms.

The RSSS recommends full characterization of the dudge and ash to indlude andysisfor al
radionuclides of concern. Further, dl radionuclides that are identified through the andys's of the dudge
and ash should be included in the radionuclide libraries of the models. It appears that a potentiadly
important radionuclide (*™Tc ) was omitted.

The last Charge question addressed the the approaches to obtaining modding parameters and
digtributions, asking if they were scientificaly defensble, and if the methodology’ s approach for
characterizing uncertainty was gppropriate. In generd, the selection of parameters and their
distributions was not well described in the ISCORS SSS draft dose modeling report provided to the
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RSSS. However, inthe ord presentations, the Subcommittee members indicated that future drafts

would be much improved and the RSSS supports such improvements.

The use of one K for each radionuclide without consideration of speciation and other factors
that cause K s, solubilities, and bicavailabilities to vary across POTWs and land applicationsis not
gopropriate. This could be handled by assigning these parameter values by species and application
scenario or by widening the variability digtributions for each radionuclide, as well asincluding an
additiona degree of uncertainty. The RSSS recommends that outside advice be obtained on how to
trest the mobility of radionuclides in a soil-dudge mixture.

The description of the sengtivity and uncertainty andysis in the current draft is inadequate for
judging whether or not it is gppropriate. A more informative uncertainty andysis would be two-
dimensiond, addressing both varigbility and uncertainty, and would examine not only parameter
uncertainty, but also uncertainties introduced by the sdlection of models and assumptions. 1ISCORS
SSS should, a a minimum, acknowledge the difference between variability and uncertainty and provide
an indication for each source, whether the ditributions reflect variability, uncertainty, or a combination
of both. The Subcommittee should address other sources of variability and uncertainty, such as dose
converson factors (including particle sze didributions). The uncertainty analys's should recognize

correlations among parameters.

A full description of the particular Latin Hypercube method employed should be provided and
the number(s) of redlizations for the Monte Carlo runs should be justified.

In the sengitivity andys's, the statements regarding non-linearity should have some technical or
physical bass.

Finaly, the RSSS identified, and commented on, some issues not delineated in the Charge. The
RSSS understands that the ISCORS SSSis limited to assessing doses from disposition of sewage

dudge per se and did not intend to assess doses from discharges of liquid effluents from POTWsto
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nearby waters. However, the fraction of soluble radioactive materid contained in the liquid effluent

from the POTW may, under some Ste-specific conditions, contribute sgnificantly to the total dose
experienced by people living near or working at POTWSs. Additiondly, liquid effluent can be used for
irrigation of sites to which dudge has been applied, rather than water form other sources. Therefore
concentrations of radionuclidesin soils may be higher than assumed in the source term for RESRAD
and there may be additiona occupationd routes of exposure or an additiond airborne source term. At

aminimum, these issues should be discussed in the find dose assessment document.

The RSSS understands that the ISCORS SSSis under atime constraint to provide the dose
modd asatoal to help interpret the results from the analysis of dudge and ash from 300 POTWs
nationwide. These resultswill be available in afew months and it isimportant to assst POTWs with
assessment. The EPA is considering revison of FGR-11 to reflect ICRP Publication 72 vaues. If the
revised FGR-11 were available in time for incorporation into this Sewage Sludge Dose Moddling
report, it would be desirable to do s0, both because of the improved dosmetry models used and the
added ability to consider intakes by subjects of different ages.

Conventiond units are used throughout the document. The RSSS recommends the use of Sl
units. The RSSS has dso provided a glossary of terms which the ISCORS SSS should use to dlarify
the document. The RSSS further recommends that Appendix A be revised to provide more complete
information in a more congstent manner for dl radionuclides of interest, and that Appendix B be
modified or diminated.

2. INTRODUCTION

2.1 Background

During the process of treating sewage, radionuclides can become reconcentrated in the residua
solids, known as sewage dudge. The radionuclides can come from discharges of man-made

radioactive materid by licensed users or from naturaly occurring radioactive materids. Ina 1994
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report, the General Accounting Office (GAO) (Will supply full citation) described nine cases where

contamination found in sewage dudge or ash or the wastewater collection system resulted in
consderable cleanup expense to the POTW authority or the specific industrid discharger of the
wadtewater. These incidents have been investigated and documented, but these investigations did not
indicate the prevaence of radionuclides in POTW dudge and ash around the country. These incidents
a0 do not indicate whether levels actudly measured pose a threat to human hedlth and the

environment.

Thisreview was carried out in response to a request from EPA’s Office of Radiation and
Indoor Air (ORIA). The ORIA requested that the RAC review technica aspects of the Radionuclides
in Sewage Sudge: Dose Assessment, Dose Modeling Report, that was developed by the Sewage
Sludge Subcommittee (SSS) of the Interagency Steering Committee for Radiation Standards
(ISCORYS). The SSS of the ISCORS comprises representatives from the EPA, NRC, Department of
Energy, Department of Defense, State of New Jersey, City of Cleveland, and the county of Middlesex,
New Jersey.

The RAC formed the Radionuclides in Sewage Sudge Subcommittee (RSSS) to conduct the
review. The RSSS met in Washington, DC on December 12-14, 2000, and was briefed by members
of the ISCORS Sewage Sludge Subcommittee’ s Dose Assessment Workgroup. In addition, the RSSS
conducted a publicaly noticed tel econference on November 27, 2000, and two writing/editing sessons
by teleconference on December 21, 2000, and January 5, 2001.

2.2 Chargetothe SAB

The draft Sewage Sudge Dose Modeling Report provided the methodology for the concerned
agencies to use to assess potentid radiation doses to workers and the public from various sewage
dudge handling and disposa practices. The dose estimates would then be included in the final
Guidance Document to help operators of POTW understand and interpret radionuclide data associated
with sewage dudge and ash andyses. The Charge questions were:
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a) Isthe overdl dose modeling methodology, including modd sdlection, adequate?

b) Are the dose modeling scenarios reasonable? Are they sufficiently representative of the
magor exposure Stuations? Does the document adequately explain them?

) Are the gpproaches to obtaining modding parameters and ditributions scientificaly
defensble? |sthe methodology’s approach for characterizing uncertainty appropriate?



422

423

424

425

426

427

428

8 & ¢ 8 B B 3

B 8

B

441

442

EXECUTIVE COMMITTEE DRAFT -- FOR REVIEW ONLY —DO NOT CITE OR QUOTE-3/13/2001
3. DETAILED FINDINGS AND RECOMMENDATIONS

3.1 Dose M odeling Methodology, Including M odel Selection

3.1.1. Model Selection

The RSSS accepts the ISCORS SSS decision to address radiation exposure from sewage
dudge and ash with RESRAD, amodd that is readily avallable, widely used, and, according to
information supplied to the Subcommittee, has been modified to dlow the use of a probabilistic
gpproach for quantifying dose, as well as the uncertainty associated with the dose modeling results.
The RESRAD family of codes has consderable flexibility in alowing the user to input Ste-specific
vaues and evauating the potentid dose to an on-gte personnel.

To achieve greater transparency, the RSSS recommends that a discussion of the conceptual
framework for the model be presented in terms of the possible gpplications envisioned by ISCORS for
this dose moddling effort. Although the basic framework, in which the dose assessment methodol ogy
has been developed, is fundamentally sound, the descriptions of many of the principa components of
the process are inadequate. In particular, the ISCORS report section on “Model Selection” (i.e.,
Chapter 4) isincomplete and preliminary at thistime, dthough the RSSS understands thet the limitations
of the RESRAD family of codes will be identified dong with their consequences on dose cdculaions.
Given that RESRAD isthe mode of choice, Chapter 4 of the dose modeing report should be
restructured to provide adequate information to support this choice.

The current Table 4.1 indicates that severa pathways are not included by RESRAD 5.95 and
the RSSSis not certain whether they are addressed by RESRAD 6.0. These pathways are @) ingestion
of drinking water from a contaminated river, b) ingestion of fish, and ¢) surface water run-off. These
pathways should be included.
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444 The RSSS strongly supports the use of other radiation dose models (e.g, PRESTO, GENI|,

445 and MICROSHIELD) for bench marking RESRAD in its specific use in the sewage dudge dose

446 modeling. Bench marking may be particularly useful with respect to the incluson of CAP-88 asthe air
447 disperson modd for RESRAD-Offgte. Moreover, any vdidation of RESRAD specific toitsusein
448 sewage dudge dose assessment would enhance the credibility of its predictions. For example,

449 concentrations of radionuclidesin soil a a known old sewage dudge application Ste could be

450 compared with the radionuclide concentration assumptions of RESRAD if the history of dudge

451 gpplication, including concentration data for the applied dudge, was available. Vdidation of any other
452 modules of RESRAD for which appropriate data are available would aso enhance the credibility of its
453 predicted va ues.

454 Supporting quality control/quality assurance documentation for RESRAD was not made
455 available to the RSSS, leading to a concern that there could be a problem in usng RESRAD for the
456 implementation of the probabilistic assessment of dose. It is unclear whether RESRAD was, in fact,

457 developed with the expectation that probabilistic methods would eventudly be employed for assgning
458 input parameter vaues. If the modd was initidly developed without consideration of its possible use for
459 probabilistic andysis, the inclusion of “probabiligtic digributions’ rather than “determinigtic’ vaues

460 could lead to extrgpolations beyond the range of gpplicability of the modd. Secondly, the use of a

461 probabilistic gpproach for assigning input values to a deterministic mode can result in asingularity in the

462 model, caused by adivison by zero or some other nonphysica result. Although future documentation
463 of the models may resolve these concerns, the RSSS encourages the ISCORS SSSto verify and

464 document the capabiility of the RESRAD family of codes to employ probabilistic input parameter vaues
465 for the various exposure scenarios.

466 Fndly, the RSSS recommends that the |ISCORS SSS explore options for including model

467 modifications to the RESRAD family of codes that will be necessary to faithfully capture some

468 important Site-gpecific characterigtics. For instance, fracture vs. matrix groundwater flow, indoor
469 contamination and near-field air digperson characteristics, dose coefficients, exposure factors, and
470 other age dependence factors should be captured by RESRAD asit is used in this application.

10
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3.1.2. Dose M odeling M ethodology

The RSSS accepts the ISCORS Subcommittee proposal to characterize the impact of
radionuclidesin sewage dudge in terms of “dose” In this particular gpplication, “dose” is gppropriate
for use in comparing the results with existing standards and background values. However, the choice of
dose vs. risk and the decision to use Federa Guidance Report (FGR) 11 and 12, rather than FGR-13,
should be explicitly discussed for clarity.

The ISCORS SSS should be careful in the use of “dosg’ terminology. The unmodified term
“dosg’ is not defined in the conventionad hedlth physics literature and should be defined in the document
inwhichitisused. Definitions of gppropriate dose terms are provided in the glossary of this advisory.

The RSSS was informed by members of the ISCORS SSS that “dose,” asused in its dose
as=ssment document, means “ Totd Effective Dose Equivdent,” but this should be clarified in the
document. Apparently, the dose calculations are based on the Dose Conversion Factors given in
FGR-11. Thevauesin FGR-11 are, in turn, based on the ICRP approach defined for adult workersin
ICRP Publications 26 (ICRP 1976) and 30 (ICRP 1977-1988).

Revised | CRP dose coefficients for members of the public for ingestion and inhaétion have
been published since the publication of FGR-11. These dose coefficients incorporate the tissue
weighting factors given in ICRP Publication 60 (ICRP 1991) and a number of revised metabolic
models described in ICRP Publications 56 (ICRP 1989), 67 (ICRP 1994), 69 (ICRP 19953), and 71
(ICRP 1995b). Committed effective dose coefficients are computed for severa different age groups (3
months, 1, 5, 10, and 15 years and adult). Results of these calculations for intakes of a broad range of
radionuclides by ingestion or inhaation are given in ICRP Publication 72 (ICRP 1996) and the
associated CD-ROM published in ICRP 1998. The ICRP Publication 72 dose coefficients are, in
some cases, different by as much as an order of magnitude from the FGR-11 dose coefficients. The
RSSS recommends that ICRP Publication 72 methods be used in place of FGR-11, if time permits.

11
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Even if ICRP Publication 72 gpproaches cannot be used in this report, it isimportant that the

possible effects of age on dose, especidly as recelved by infants and children, be consdered in the
assessment. In some of the scenarios proposed by the ISCORS Sewage Sludge Subcommittee,
exposures can continue over an entire lifetime. Perhgps smple bounding caculations could be
performed for some important radionuclides that would indicate the relative importance of exposurein
the childhood years compared with the annud intakes recelved as adults. Results of such andyses
could be presented and discussed as part of the uncertainty anayses.

It isimportant that the ISCORS SSS clarify the specific circumstances for which the total
effective dose equivdent values are being caculated. According to the text, aone-year exposure will
be used adong with a 50-year dose-commitment period. Because the exposure scenarios that have
been sdlected involve exposures over many years, it is not clear from the draft report what exposure
year will be used for these calculations. According to information supplied to the Subcommittee.
RESRAD has the ahility to caculate these dosmetry vaues for many years and report the highest
annud vaue. The authors should aborate on their srategy for selecting and using particular yearsin
their caculations. The impact of possible changesin exposure conditions from year to year should be
included in the uncertainty andyses.

The ISCORS SSS has estimated the source term for many of the scenarios by assuming that
100 years of dudge gpplication is mixed with the surface layer of soil, resulting in a two-to-one dilution
of the assumed 1 pCi/g concentration of aradionuclide in the dudge. That procedure will overestimate,
often greatly, the actua concentration because of losses during the period of gpplication. The losses
would occur not only from radioactive decay, but from erosion by wind and precipitation, by leaching
to the groundwater, and by uptake and remova with crops. A better pproach is to apply an effective
half-life derived for the remova processes using radioactive decay constants, the universal soil loss
equation, and loss rates cong stent with the assumptions about movement to groundwater and uptakein
plants. Then a steady-state concentration in soil could be calculated for equilibrium conditions. (See
the Foster Whedler Environmental Corporation report prepared for the Cdifornia Department of Food

12
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and Agriculture and the Heavy Metd Task Force (1998) for information on a modeling approach that

includes eroson and other losses))

3.2 Dose M odeling Scenarios

The ISCORS SSSis commended for its identification and description of arange of plausble
sewage dudge exposure scenarios affecting both the POTW worker as well as the generd public. The
exposure scenarios included a) nearby town, b) onsite personnd, ¢) landfill neighbor, d) incineration
neighbor, €) recreationd area use, ) agricultura application worker, g) low exposure POTW worker
(bt filter press operator), and h) high-exposure POTW worker (bagging of dewatered dudge).

Although these scenarios are reasonable, the ISCORS SSS has not fully examined potentialy
critical exposure pathwaysin some cases. The ongte and landfill exposure scenarios failed to
completely account for important site-specific heterogenaities such as fracture flow that could result in
rapid and long-range transport of radionuclides. The scenario descriptions do not mention the
possibility of both soluble and colloidd trangport of radionuclides associated with runoff from fields
receiving sewage dudge applications. Additiondly, as stated in Section 3.4 (Issues Beyond the
Charge), the discharge of agueous effluent from the POTW is not considered. The RSSS bdlievesit is
important that these trangport mechanisms be included even if it means using a modd other than
RESRAD or modifying RESRAD.

A critical omisson in the ISCORS SSS dose modeling report is an evauation of the impact of
the POTW dudge dewatering operations on the trangport and bioavailability of radionuclidesin land-
applied sawage dudge. For example, whilefiltration and centrifugal dewatering processes (e.g., filter
presses, centrifuges, etc.) effectively separate soluble radionuclides from the dudge solids, evaporative
dewatering processes (e.g., drying beds) retain both insoluble and soluble radionuclidesin the final
dudge product. Because of the potentia for some land-agpplied sewage dudge to contain a rdatively
large and highly mobile fraction of soluble radionuclides, dose modding scenarios should clearly
describe the impact of the type(s) of dewatering process operations used at the POTW on both the

13
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finad sewage dudge quality and the predominant mechanisms that influence radionudlide transport in the

environment. In addition to potentidly enhancing the rate and extent of radionuclide transport, alarger
fraction of soluble radionuclides in land-applied sawage dudge may aso impact the biokinetic
properties of radionuclides taken into the body and resulting dosimetry caculations. Simple mass
balance calculations that reasonably reflect the fate and transport of radionuclides in land-gpplied
sewage dudge can be used to document the rel ative importance of both radionuclide solubility and
POTW dudge dewatering operations on estimated radiation dosages.

In generd, the dose modding report adequately captures the mgjor exposure Stuations
affecting the genera public. The RSSS endorses the ISCORS Sewage Sudge Subcommitteg' s
development and implementation of a trangparent screening process that permits the relative ranking of
exposure scenarios, which is critical for determining for which scenarios further refinement is judtified.
The RSSS encourages the ISCORS SSS to develop asimilar transparent screening tool for objectively
identifying POTW worker Stuations which represent mgor sources of radiation exposures. Without
such a screening process, it isimpossible to determine whether, in fact, the two POTW worker
scenarios addressed in the report actudly capture the full range of likely exposures. The RSSS
recommends that the ISCORS SSS explore methods for obtaining appropriate data to better
characterize the distribution of exposure durations for typica land-gpplication operations. The RSSS
expressed concern that the ISCORS SSS did not adequatdly justify assumptions for occupational
exposures (e.g., 2000 hour annua exposure) given the seasond nature of the land gpplication activities
in most parts of the country. The RSSS recommends that the ISCORS SSS criticaly evauate and
gopropriately document its assumptions.

Although the radiation exposure scenarios described in the dose moddling report are
appropriate for capturing the range of likely opportunities for radiation exposure from sewage dudge, it
is not clear that the scenarios incorporated the specific regulatory requirements that currently limit how
dudge may be used or disposed. The RSSS encourages the ISCORS SSS to explicitly incorporate the
40 CFR Part 503 guiddines (and other gpplicable requirements) that limit the desgn and operation of
sewage dudge land-gpplication, incineration, and surface digposa Sites when selecting model

14
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parameters and distributions. Moreover, where appropriate, the RSSS encourages the ISCORS SSS

to incorporate existing and vaidated methodologies for defining reasonable parameter values (e.g., use
of the Hydrologic Evauation of Landfill Performance [HELP] Modd (EPA, 19XX-Will supply full
r ef)to estimate the quantity and quality of leachate).

The draft assessment document states that no credit for water treatment would be given in
assessing doses from drinking water for the nearby town scenarios. However, except for very small
community water supplies, the water utilities would be subject to the Maximum Contaminant Levels for
radionuclides and would need to trest for radionuclides if any exceedance perssted. Doses from the
drinking water pathway would be limited correspondingly. At the least, thisissue should be discussed

in the find dose assessment document.

In many land reclamation projects, the quantity of land -gpplied dudge is considerably grester
than what is allowable under the agriculturad production scenario. Under these circumstances, the
extent of soil mixing with goplied dudge is generdly minimd, particularly a land reclamation Stes that
contain little or no topsoil. The RSSS recommends that the ISCORS SSS provide scientific
judtification for assigning specific dilution factors to the source terms.

ISCORS SSS should describe the spectrometry analysis used to analyze the dudge and ash
samples. If only gamma spectrometry was used, non-gamma emitters could have been missed. The
RSSS recommends full characterization of the dudge and ash to include andysis for al radionuclides of
potentia concern. All radionuclides that are identified through the dudge and ash andysis should be
included in the radionuclide libraries of the moddls.

Within the dose modeling scenarios, the radionuclide *™Tc was not included among the
radionuclides of concern, Table 2-1. Thisradionuclide is discharged in Sgnificant quantities from
nuclear medicine operations and has been identified in dudge and/or sewage (Prichard et al., 1981;
Ault, 989; Kennedy et al., 1992; Ainsworth et al. 1994; and Shearer et al., 1995). Although *™Tcm
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has a short half-life and would not contribute in nonoccupational scenarios, it could potentialy

contribute to direct radiation exposure of treatment plant workers.

3.3 Obtaining Mode Parametersand Didributions, and Characterizing Uncertainty

3.3.1. Modd Parameters and Disributions

In generd, the selection of parameters and their distributions was not well described in the
ISCORS SSS draft dose modeling report provided to the RSSS. Inits ora presentations, the
ISCORS SSSindicated that future drafts would be much improved in thisregard. The RSSS supports

such improvements.

The RSSS recommends that |SCORS SSS delineate which of the input parameters are unique
to the dudge modeing and which have been previoudy examined in soil modds. Thiswould permit a

reviewer to focus on the new information.

The use of one K for each radionuclide without consideration of speciation and other factors
that cause K s, solubilities, and bicavailabilities to vary across POTWs and land applicationsis not
appropriate. The aqueous chemistry of sewage dudge (i.e., pH, pCO,, dissolved solids, organic
content, etc.) may vary greatly based on geographic location and trestment methodologies. These
variations could lead to drastic changes in the radionuclide species present, and consequently, the
modd parameters associated with them (e.g., Ky s, solubility constants and bioavailability factors). This
could be handled by assigning these parameter va ues by species and application scenario or by
widening the variability digtributions for each radionudlide, as wel asincluding an additiona degree of
uncertainty. The use of soil K valuesis somewhat mideading. Depending on the dudge dewatering
processes, radionuclides with substantia affinity for water in comparison to dudge solids may be largdy
removed during treatment. Thisissue was discussed in section 3.2, “Dose modding scenarios” We
recommend that outside advice be obtained on how to treat the mobility of radionuclides in a soil-

dudge mixture.
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3.3.2. Uncertainty

The description of the sengtivity and uncertainty andysis in the current draft is inadequate for
judging whether or not it is appropriate. Consequently, athough the ISCORS group described future
plans for conducting the sengtivity and uncertainty analyses usng Monte Carlo analyses with
congderation of correations, the RSSS found that it did not have adequate information to comment in
detall. The Subcommittee thus confined itsdlf to recommending only that that al procedures and
assumptions should be thoroughly documented and peer reviewed.

RESRAD was origindly developed as a deterministic modd. The modd should be checked for
difficulties rdating to the probabilistic gpproach, e.g., Sngularities that could arise by dividing by azero
vaue for some parameter. (See thefirst Charge question).

A more informative uncertainty analysis would be two-dimensiona, addressing both variagbility
and uncertainty, and would examine not only parameter uncertainty but aso uncertainties introduced by
the selection of models and assumptions. |SCORS SSS should, a a minimum, acknowledge the
difference between variability and uncertainty and provide an indication for each source, whether the
digtributions reflect variability, uncertainty, or acombination of both. The uncertainty andysis should

recognize correlations anong parameters.

ISCORS SSS should address other sources of variability and uncertainty, such as dose

conversion factors (including particle size distributions).

A full description of the particular Latin Hypercube method employed should be provided, and
the number(s) of redizations for the Monte Carlo runs should be justified.

In the sengitivity andys's, the statements regarding non linearity should have some technica or
physical bass.
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Table 7-4 of the draft report does not include the mean and median, only the 5™ and 95™

percentiles and the minimum and maximum. The mean and median are cartainly more meaningful than
the minimum and maximum va ues, since the minimum and maximum depend heavily on the number of

iterations.

3.4 IssuesBeyond The Charge

The RSSS understands that the ISCORS SSSiis limited to assessing doses from disposition of
sewage dudge per se and does not intend to assess doses from discharges of liquid effluents from
POTWsto nearby waters. The reason for this limitation was not made clear to the RSSS by the
ISCORS team; it may be a policy choice based on a presumption that the POTW’ s Nationa Pollution
Discharge Elimination System permit will sufficiently control radionuclidesin the liquid effluent.
However, the fraction of soluble radioactive materia contained in the liquid effluent from the POTW
may, under some site-gpecific conditions, contribute significantly to the tota dose experienced by
people living near or working at POTWs. At aminimum, this issue should be discussed in the find
dose assessment document. Moreover, liquid effluent can be used for irrigation of Sites to which dudge
has been gpplied, rather than water from other sources. Therefore, concentrations of radionuclidesin
soils may be higher than assumed in the source term for RESRAD and there may be additiond
occupationd routes of exposure or an additiond airborne source term when effluent is used to irrigate
the land gpplication Ste. The ISCORS SSS should a a minimum discuss the irrigation issue and should
congder indluding irrigation with effluent in the exposure scenarios. Assaying the liquid effluent as well
as the dudge would help in understanding the partitioning of the radioactivity leaving the POTW among
sewage dudge, liquid effluent, and (possibly) air emissions. Worker exposure could be monitored

through personal or area dosmeters.

The RSSS understands that the ISCORS SSS is under atime constraint to provide the dose
mode as atool to hep interpret the results from the analysis of dudge and ash from 300 POTWs
nationwide. These resultswill be available in afew months and it isimportant to assst POTWs with
asessment. The EPA is consdering revison of FGR-11 to reflect the ICRP Publication 72
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approaches/vaues. However, the RSSSis uncertain when such improved numbers will be available. I

they were available in time for incorporation into this Sewage Sudge report, it would be desirable to do
S0, both because of the improved dosimetry models used and the added ability to consider intakes by
subjects of different ages. Such usage would be consistent with the gpproach used in FGR-13, the
most current EPA guidance. If this approach can not be used in the present report, the authors should
include an explanation of why it is not and explain the impact of usng the older gpproach

3.4.1. Terminology

Conventiond units are used throughout the document. The RSSS recommends the use of Sl

units.

The RSSS recommends that the document be re-titled as * Radionuclides in Sewage Sudge
and Ash: Dose Assessment Methodology.”

The RSSS recommends that the ISCORS SSS use the terms NORM and TENORM in this
document, rather than using the term “enhanced NORM.” NORM can be used for exposures to
naturaly occurring radionuclides under undisturbed conditions and TENORM can be used for
exposure to naturaly occurring radionuclides whose concentrations or availability have been dtered
(technologicaly enhanced, TE) by human activities, and therefore are more likely to be digible for
control. TENORM appears to be an important component of the radionuclides found in dudge.

The term TENORM is becoming well established inthefield. 1tisusedin Pat N of the
Suggested State Regulations published by the Conference of Radiation Control Program Directors, has
been adopted by NAS/NRC (1999), and is also used by EPA in other documents (e.g. EPA, 2000&;
b; ¢). The definition of TENORM used in NAS/NRC (1999) isincluded in the glossary.
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Thefind dose assessment report must be very careful in the use of the terms “isotopes,”

“radioactivity,” “radionuclides,” and “radioactive materids” The report should aso use the correct
modeling nomenclature. (See glossary.)

On page 3 of the draft dose modeling report, the term “ dose-response’ isused. The RSSS has
used “dose-response”’ to mean a biologica response to aparticular dose. The meaning on page 3is

unclear.

3.4.2. Consderation of The Audience

Members of the public attending the RSSS meseting stated their concerns with the possible
misunderstandings arising from the use of the dose assessment document.  Suggestions were made that
would dlow the public to make comparisons with background radiation so that they could gain
perspective on the projected doses from sewage dudge to workers or the public. The ISCORS SSS
provided the latest draft of the Guidance Document to the RSSS. Section 3.3.3, “How Radiation
Doses from Sewage Sludge and Ash Compare to Average Radiation Doses from All Sources,”
provides comparison information. It isimportant that the fina dose assessment document produced by
ISCORS SSS directs the reader to the Guidance Document for assistance in understanding the dose

assessment informeation.

3.4.3. Technical Accuracy

The materia in Section 2.2, “Radiologica Properties of Sewage Sludge’ on pages 8-10 isfor
the mogt part irrdlevant. There is considerable discussion of the uses of radioactive materids, but many
of the uses discussed involve sedled sources, which are unlikely to find their way into sewage dudge.
Some of the statements are technicdly incorrect. Examples are:

a) P9, L 9: the“isotopes’ produced in reactors result from low-energy, not high-energy,
neutron interactions;
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b) P9, L 12: the concentrations of radiocarbon measured in dating are usualy below

ambient and unlikely to contribute to dudge contamination;
) P 10, L 6-7: drictly speaking the Department of Energy is not “licensed” for isotopes;
d) P 10, L 26: it is unit concentration being assumed, not unit quantity.

The RSSS suggests amore focused discussion that draws examples from actua contamination
gtuations. Thus more detailed discusson of actua contamination resulting from the manufacture of
smoke detectors (Am-241) or from discharge of 1-131 from nuclear medicine facilities would be much
more relevant than implying that radiocarbon dating or use of seded sourcesin industria gaugesis
somehow related to the radiological properties of sewage dudge.

3.4.4. Comments Related to The Appendices

Appendix A of the ISCORS SSS includes an overview of radionuclide movement in the
environment. However, some nuclides are extensively discussed, while the descriptions of others are
very brief. The RSSS recommends that Appendix A be revised to provide more complete information
in amore condstent manner for dl radionuclides of interest. In some cases, sgnificant information may
have been omitted for the sake of brevity. For instance, Appendix A states that U-235 is of secondary
importance. In fact, the decay products of U-235 can contribute Sgnificantly to inhalation doses,
particularly Pa-231 and Ac-227. Appendix A provides vauable informetion that is unlikely to be
readily avallable to POTW owners, and it deserves careful editing.

Appendix B should be eiminated or modified to reflect the changes to be made in Chapter 4.

21



733

734

735

736

737

738

739

740

741

742

743

744

745

746

47

748

749

750

751

752

753

754

EXECUTIVE COMMITTEE DRAFT -- FORREVIEW ONLY —DO NOT CITE OR QUOTE-3/13/2001

APPENDIX A - GLOSSARY OF TERMSAND ACRONYMS

Absorbed Dose (D): The quotient dE by dm, where dE is the mean energy imparted by ionizing

radiation to matter of massdm. The specid Sl unit of absorbed doseisthe gray (Gy); the conventiona
unitistherad (1 rad = 0.01 Gy).

Bench marking: Part of the software verification process that involves comparing results of two or more
codes againg each other, or to an andytica solution. It entails the use of a standardized problem or
test that serves as abasis for evauation or comparison of software system performance. This
mathematical anayss assures that the behavior of the code to be benchmarked is predictable and
performs as intended.

Cdlibration: With reference to modds, refers to the use of experimenta and/or field data to congtrain
the value of the variables and parameters used in amode to satisfy its use for a specific application.

Committed Dose Equivaent: The total radiation dose equivaent to the total body or specified part of
the body that will be accumulated over 50 years following an intake of radioactive materid.

Committee Effective Dase Equivaent: The weighted sum of committed dose equivaent to specified
organs and tissues, in andogy to the effective dose equivaent.

Committed Equivaent Dose (H(t)): Thetimeintegra of the equivalent dose rate in a particular tissue or
organ that will be received by an individud following intake of radioactive materid into the body. The
integration time (t) is 50 years for the adults. For children and young persons, doses are caculated to
age 70 years.

Committed Effective Dose (E(t)): The sum of the products of the committed organ or

tissue equivaent doses and the gppropriate organ or tissue weighting factors (wy), wheret isthe

integration time in years following the intake.
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Deep-dose equivaent: Appliesto externa whole-body exposure and is the dose equivaent at atissue

depth of 1 cm.

Dose Cosfficient: Committed tissue equivaent dose per unit intake or committed effective dose per unit
intake (Sv Bg™).

Effective Dose (E): The sum of the weighted equivalent dosesin dl the tissues and organs of the body

given by the expresson: E = wHy g where w; is the weighting factor for organ or tissue, T, and Hr  is

the equivaent dose in tissue or organ T dueto agiven radiation, R.

Equivalent Dose (H): The absorbed dose averaged over atissue or organ, Dy (rather than a point) and

weighted for the radiation qudity, Wy, (radiation weighting factor) of the irradiating radiation, i.e,, Hy g =
D W, asexpressed in joules’kilogram or Severts.

Effective Dose Equivadent: The sum of the products of absorbed dose and appropriate factors to
account for differencesin biologica effectiveness due to the qudity of radiation and its distribution in the
body of reference man. The unit of the effective dose equivaent is the rem. The method for calculating
effective dose equivaent and the definition of reference man are outlined in the Internationd
Commission on Radiologica Protection's Publication No. 26.

ISCORS.: Interagency Steering Committee on Radiation Standards

Isotope: One of two or more atoms with the same number of protons, but a different number of
neutrons, in their nuclel. Thus, carbon-12, carbon-13, and carbon-14 are isotopes of the element
carbon, the numbers denoting the approximate atomic weights. 1sotopes have very nearly the same
chemica properties, but often different physica properties (for example, carbon-12 and -13 are Sable,
carbon-14 isradioactive.)
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Nuclide: A genera term referring to any known isotope, ether stable (about 290) or unstable (about

2200), of any chemicd dement.

ORIA: Office of Radiation and Indoor Air, Environmenta Protection Agency

Peer Review: Peer review isagenerd term that can greatly vary in content depending on the maturity of
the problem under consideration. The peer review of a process model can involve the structurd (i.e.,
software) or conceptua eements of the mode or both. A thorough peer review of amature process
mode entalls Verification and Vdidation testing (V&V). V&V isabasc process that ensuresthe
quaity of used knowledge.

POTW: Publically Owned Trestment Works

Radioactivity: The process of undergoing soontaneous trandformation of the nucleus, generdly with the
emission of aphaor beta particles, often accompanied by gammarays.

Radioisotope: A radioactive isotope; i.e. an unstable isotope that undergoes spontaneous
transformation, emitting radiation.

Radionuclide: A nudlide that is radioactive.

Radioactive | sotope: A radioisotope.

Senstivity Andlyss: Refersto a methodology for evauating the sengtivity of modd resultsto the

variation of itsinput parameter vaues and physica description (e.g., boundary conditions).

TENORM: Technologicaly Enhanced Naturaly Occurring Radioactive Materid --  Technologicaly
enhanced naturaly occurring radioactive materias are any naturdly occurring radioactive materids not
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subject to regulation under the Atomic Energy Act whose radionuclide concentrations or potential for

human exposure have been increased above levels encountered in the naturd state by human activities.

Tissue Weighting Factor: The relationship between the probability of stochadtic effects and equivaent

doseisfound aso to vary with the organ or tissueirradiated. It is, therefore, gppropriate to define a
further quantity, derived from equivaent dose, to indicate the combination of different dosesto severd
different tissuesin away which islikdly to correate well with the totd of the stochadtic effects. The
factor by which the equivalent dosein tissue or organ T isweighted is called the tissue weighting factor,

Wr.

Tota Effective Dose Equivdent: The sum of the deep-dose equivaent (for external exposures) and the
committed effective dose equivaent (for internd exposures).

Uncertainty Andyss: With reference to models, refersto the study of the uncertainty of the model

outputs as afunction of parameter and data uncertainties.

Modd Vdidation Refersto models which are comprised of structurd (i.e., software) and conceptua

eements. Vdidation entails methods to ascertain that the system buiilt is the right one and captures dl of
the essentia physical and chemica eements necessary to describe the problem. Controlled laboratory
measurements, field experimentd tests, and observations of the behavior of the naturd system can al be
used to test the moddl’s redism.

Code Verification Refersto software development. Verification isaform of code control, which

involves establishing that the software is mathematicaly sound, accurate, and numericaly stable.
Verification resultsin the implementation of pecified Software Certification godls. Thisisareterdive
process, comparable to the use of “blanks’ and “ standards’ in experimentd protocols. Verification
implies reaching a certain leve of confidence in the correctness of the software system. A common
verification technique involves running the code with specified boundary conditions and parameters and

comparing the results to other codes under the same conditions (e.g., bench marking).
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